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ABSTRACT We compared the effectiveness of generalist predators in reducing populations of
the Russian wheat aphid, Diuraphis noxia (Mordvilke), on range grasses that differ in leaf
architecture. Crested wheatgrass, Agropyron desertorum, produces relatively broad leaves and,
like wheat, provides aphids with rolled leaves as potential refuges from natural enemies; Indian
ricegrass, Oryzopsis hymenoides, bears linear, involute leaves that are usually too narrow to
permit aphid aggregations within leaf rolls. We established aphid populations on each host and
then introduced either neonate larvae of the lacewing Chrysoperla plorabunda (Fitch) or adults
of the ladybird beetle Propylea quatuordecimpunctata L. On seedlings, there was an interaction
between the effects of predator species and host-plant species; beetles were less effective on
crested wheatgrass than on Indian ricegrass, but lacewings eliminated or nearly eliminated aphid
populations on both hosts. On whole plants in the field, both predators tended to be more
effective on Indian ricegrass than on crested wheatgrass. In all experiments, lacewing larvae were
superior to beetles in causing extinction of aphid populations. These results are consistent with
behavioral observations of foraging predators, and suggest that the host-plant effects on the 3rd
trophic level can depend on predator species as well as plant stage.
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SEVERAL PLANT TRAITS can influence the ability of
natural enemies to suppress populations of herbiv-
orous insects (Price 1986, Barbosa and Letourneau
1988). Although most research has considered how
plant secondary chemicals or specific morphologi-
cal traits (such as trichome density) affect enemies,
recent studies have emphasized the more subtle role
of plant architecture (Kareiva and Sahakian 1990,
Marquis and Whelan 1996). Architectural differ-
ences among plants can affect predation rates by
modifying either the searching behavior of preda-
tors (Carter et al. 1984, Grevstad and Klepetka 1992)
or the availability of spatial refuges for prey
(Hawkins et al. 1993). In this study, we compared
the effectiveness of 2 predators in reducing popu-
lations of the Russian wheat aphid, Diuraphis noxia
(Mordvilko), on grasses that differ in leaf architec-
ture.

The Russian wheat aphid attacks several species
of perennial grasses in western North America (Kin-
dler and Springer 1989, Clement et al. 1990, Arm-
strong et al. 1991). Two common, nutritionally suit-
able grasses in Utah are crested wheatgrass,
Agropyron desertorum (Fischer ex Link) Schultes,
and Indian ricegrass, Oryzopsis hymenoides
(Roemer & Schultes) Ricker (Messina et al. 1993a).
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We hypothesized that architectural differences be-
tween these hosts could affect the vulnerability of
D. noxia to generalist predators (Messina et al.
1995). The Russian wheat aphid forms compact ag-
gregations within immature, furled leaves or at the
junctions of leaf blades and leaf sheaths (Burd and
Burton 1992), and it has been suggested that feeding
in such concealed sites protects the aphid from some
natural enemies (Formusoh and Wilde 1993, Kauff-
man and LaRoche 1994). Whereas crested wheat-
grass produces broad, flat leaves and open leaf rolls
like those of wheat, Indian ricegrass bears filiform,
involute leaves (i.e., leaves rolled inward so tightly
that only the abaxial [lower] surface may be ex-
posed [Stubbendieck et al. 1992]). Preliminary ob-
servations suggested that these differences affect
the locations of aphids (see Discussion). Because
any architectural effects on aphid susceptibility may
depend on plant stage, we estimated predation rates
on both seedlings and field plants of each grass
species.

We examined host-plant effects on the suscepti-
bility of D. noxia to the lacewing Chrysoperla plor-
abunda (Fitch) [also referred to as C. carnea (Ste-
phens), cf., Tauber and Tauber 1987, Henry et al.
1993], and the ladybird beetle Propylea quatuordec-
impunctata (L). The beetle has been imported from
Eurasia specifically for the suppression of D. noxia,
but it has become established only in the northeast-
ern United States (Michels and Flanders 1992, Ob-
rycki et al. 1993). We chose neonate lacewing larvae

0046-225X/97/1398-1404302.00/0 © 1997 Entomological Society of America



December 1997

and adult beetles to represent predators in different
size classes (although the 2 species obviously differ
in other traits). Neonate lacewing larvae are nearly
as small as D. noxia adults (lacewing length X max-
imum width = 2.0 X 0.5 mm; aphid length X width ~
1.5 X 0.5 mm) and are considerably smaller than
beetle adults (beetle length X width ~ 4.3 X 3.3
mm). Kauffman and LaRoche (1994) have sug-
gested that adults of P. quatuordecimpunctatea may

be too large to gain access to aggregations of D. noxia

in rolled leaves of wheat.

Materials and Methods

Insect Sources. Russian wheat aphids were ob-
tained from a laboratory colony maintained on
‘Hansel’ winter wheat, Triticum aestivum L.
(Messina et al. 1993a, voucher specimens were de-
posited in the Utah State University Insect Collec-
tion). Lacewing larvaec were obtained from eggs
supplied by Rincon-Vitova Insectaries, Ventura,
CA, and were used <16 h after egg hatch. Beetles
were supplied by the USDA-APHIS National Bio-
logical Control Laboratory in Niles, MI. They were
fed aphids ad libitum for 9 d and then starved for 16 h
before they were used in the experiments. We did
not distinguish the beetle sexes; differences in aphid
consumption between males and females (e.g.,
Hemptinne et al. 1996) would merely increase vari-
ation within treatments and thus reduce our ability
to detect host-plant effects.

Greenhouse Experiment. A greenhouse experi-
ment examined predator effectiveness on grass
seedlings. Seeds of ‘Nordan’ crested wheatgrass and
‘Paloma’ Indian ricegrass were germinated on blot-
ter paper in the laboratory and individually trans-
planted into cylindrical pots (6.4 cm diameter by 25
cm high) containing a 3:1 mixture by volume of sand
and peat moss. When plants bore 3-5 tillers, we
placed cellulose-acetate cages (4.1 cm diameter by
32 cm high) over 70 plants per species. Organdy-
cloth windows on the sides of cages provided ven-
tilation. We used a camel’s-hair brush to add 3 apter-
ous, adult aphids per plant. After 14 d, we harvested
10 plants per species into 70% ethanol to estimate
aphid densities at the time predators were added.
The remaining 60 plants per species received 3
lacewing larvae, 1 beetle, or nothing (20 replicates
per treatment). These plants were harvested 7 d
after predators were introduced (21 d after aphids
were added), and we recorded the number of aphids
per plant as well as the presence of predators. In this
experiment (and in those described below), virtu-
ally all plants bore at least 1 predator when they
were harvested; lacewing larvae had progressed to
the 2nd (middle) instar. Although a few adult bee-
tles laid eggs, we never recovered beetle larvae in
any experiment. Greenhouse temperatures varied in
a daily, sinusoidal pattern between 15 and 25°C.

Field Experiments. We compared predation rates
on field plants in 3 experiments in 1995 and 1996. A
common garden containing 72 plants per grass spe-
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cies was established in each year. Plants were grown
in a greenhouse until they produced several tillers.
In late April, we transplanted them into a plot at the
Greenville Experimental Farm in North Logan, UT
(Messina et al. 1993a). Plants were interspersed
randomly in 12 contiguous blocks and spaced 1 m
apart. Daily maximum and minimum temperatures
during each field experiment were provided by the
Utah Climate Center, which maintains a weather
station at the site.

The 1995 experiment was conducted in July and
August, when plants bore 15-30 tillers. We added 10
adult aphids to each of 72 caged plants (36 per
species) on 26 July. Cages consisted of a cylinder of
organdy cloth attached to a PVC ring surrounding
the base of the plant, and were closed at the top with
wire attached to a bamboo stake. On 9 August, each
plant received 15 neonate lacewing larvae, 5beetles,
or nothing (12 replicates per treatment). We har-
vested all plants 8 d after we added predators (22 d
after we added aphids). We used Berlese funnels
under 40-W incandescent lights to extract aphids
and predators into jars containing 70% ethanol.

A similar experiment was conducted earlier in the
growing season in 1996, We added 12 aphids to each
of 37 plants per species on 14 June, when plants bore
10-20 tillers. On 27 June, we harvested 7 plants per
species to estimate aphid density at the time of
predator introductions (this step was not taken in
1995). The remaining 30 plants received 20 lacewing
larvae, 6 beetles, or nothing (10 replicates per treat-
ment). We harvested these plants 11 d after pred-
ators were added (24 d after aphids were added)
and again used Berlese funnels to collect predators
and aphids.

A 3rd experiment used individual culms instead of
whole plants. This experiment used flowering plants
from the garden established in 1995. On 10 May
1996, we added 3 aphids to each of 84 caged plants
(42 plants per species). Cages were similar to those
used in the greenhouse. Each cage was positioned
over the top 20 cm of 2 adjacent culms per plant and
was supported by bamboo stakes and wire. Culms
were inserted through a radial slit in a foam plug at
the bottom of the cage. After 14 d, we harvested 6
plants per species to estimate aphid densities when
predators were added. The remaining 36 plants per
species received 4 lacewing larvae, 2 beetles, or
nothing (12 replicates per treatment). We har-
vested these plants 11 d after predators were added.
Most culms bore inflorescences by this date, so that
any host-plant effect could depend on leaf struc-
ture, inflorescence structure, or both. Crested
wheatgrass bears a spike inflorescence with dense,
overlapping spikelets; Indian ricegrass produces a
diffuse panicle with widely spaced branches
(Stubbendieck et al. 1992).

Leaf Measurements. We measured leaf charac-
teristics on field plants and seedlings. Culms without
inflorescences were sampled randomly from the
edges of mature plants in a common garden estab-
lished in 1990 (Messina et al. 1993a). We measured
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Table 1. Mean + SE ber of aphids on gr seedlings

of 2 range grasses in the pr or ab of pred )
Treatment Crested wheatgrass  Indian ricegrass

Early harvest plants® 37.0 = 6.3 34135
Experimental plants®
Control 129.6 + 25.8 128.9 * 16.8
Lacewing larvae 6.8+ 4.4 19 x0.7
Ladybird beetles 29.9 x+ 13.7 57+13

“Early harvest plants estimate aphid densities when predators
were added; N = 10 plants per host.
5 N = 20 plants per host.

culm height and the diameter of the newest leaf roll
on 10 culms of crested wheatgrass and 8 culms of
Indian ricegrass. On seedlings, we measured 3 traits
on the newest unrolled leaf of 27 plants per species:
leaf length, maximum width, and the width of the
leaf-sheath/leaf-blade junction. The junction of the
leaf sheath and leaf blade (Stubbendieck et al. 1992)
is the typical feeding site for D. noxia on either
rolled or unrolled leaves, and its width is propor-
tional to leaf-roll diameter on rolled leaves.

Data Analyses. We used a 2-way analysis of vari-
ance (ANOVA) to examine the fixed effects of plant
species (2 levels) and predator treatment (3 levels)
on aphid density (Wilkinson et al. 1996). Densities
were transformed as log,, (N + 1) to increase ho-
mogeneity of variances. We discarded data from a
few field plants (3 of 72 in 1995 and 1 of 60 and 2 of
72in 1996) because other arthropod predators were
found in the cages. T-tests compared leaf dimen-
sions between grass species, as well as the densities
of aphids (log-transformed) at the time predators
were introduced into cages.

Results

Greenhouse Experiment. Aphid densities were
similar on seedlings of the 2 grasses at the time that
predators were introduced (Table 1; ¢t = 0.07, df =
18, P = 0.95). By the end of the experiment, aphid
densities on control plants had increased 40-fold
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from an initial density of 3 aphids per plant. The
introduction of predators substantially reduced
aphid populations on both hosts (Table 1). In ad-
dition to a significant effect of predation, there was
a marginally significant effect of host plant on final
aphid density (Table 2). Because aphids were
equally abundant on control plants of the 2 hosts,
this host-plant effect was largely the result of the
lower efficacy of predators on crested wheatgrass,
particularly for ladybird beetles (Table 1). Lace-
wing larvae reduced mean aphid densities by 95% or
more (relative to control plants) on both grasses;
beetles reduced aphid densities by 96% on Indian
ricegrass versus 76% on crested wheatgrass. The
stronger effect of host plant on beetle predation
than on lacewing predation led to a significant in-
teraction between plant and predation treatments
in the ANOVA (Table 2).

To compare the efficacy of the 2 predators di-
rectly, we also performed ANOVA with control
plants deleted. The effect of predator treatment
(i.e., lacewings versus beetles) remained highly sig-
nificant (F = 27.03;df = 1, 75; P < 0.001). The effect
of host plant was also significant and reflects higher
aphid densities on crested wheatgrass among plants
receiving predators (Table 1; F=8.25;df =1, 75; P <
0.01). The interaction between these treatments
was marginally significant (F = 3.51;df =1, 75;P =
0.06), which again suggests a greater effect of plant
species on the efficacy of beetles than on the effi-
cacy of lacewing larvae.

The impact of predation can also be estimated by
the probability of aphid extinction, which depended
more on predator species than on plant species.
Although mean aphid densities suggested that
lacewing larvae were more effective on Indian rice-
grass than on crested wheatgrass (Table 1), this
predator eliminated all aphids from the same num-
ber of plants (10 of 20) of each host. In contrast,
beetles eliminated aphids from only 3 Indian rice-
grass plants and 1 crested wheatgrass plant. As ex-
pected, aphid colonies persisted on all control
plants.

Table2. Two-way ANOVA for the effects of plant species and pr

tion tr on aphid density in gr and field experi t:

Experiment Source df F P

Greenhouse experiment Host plant 1 3.36 0.07
Predation 2 143.93 <0.001
Host plant X predation 2 4.90 <0.01
Error 113

1995—whole plants Host plant 1 10.84 <0.01
Predation 2 21.74 <0.001
Host plant X predation 2 1.25 0.29
Error 63

1996—whole plants Host plant 1 10.83 <0.01
Predation 2 46.67 <0.001
Host plant X predation 2 1.31 0.28
Error 53

1996—individual culms Host plant 1 0.37 0.55
Predation 2 68.75 <0.001
Host plant X predation 2 1.38 0.26
Error 64
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Fig. 1. Mean aphid densities +1 SE on whole plants of

crested wheatgrass or Indian ricegrass with or without
predators in 2 field experiments. n = 12 plants per treat-
ment in 1995 and 10 plants per treatment in 1996. Note the
log scale on the ordinate.

Field Experiments. Aphid populations grew at a
modest rate on control plants in 1995; mean aphid
densities increased 10-fold on crested wheatgrass
and 7-fold on Indian ricegrass from the initial den-
sity of 10 aphids per plant (Fig. 1). Final aphid
densities depended on both host-plant and preda-
tion treatments, but, in contrast to the greenhouse
experiment, there was no plant species X predation
interaction (Table 2). Both predators were less ef-
fective on crested wheatgrass than on Indian rice-
grass. Lacewing larvae reduced mean aphid density
by 95% on Indian ricegrass versus 63% on crested
wheatgrass; beetles reduced aphid densities by 92
and 78% on the respective hosts (Fig. 1; note the use
of a log scale because means differed by more than
an order of magnitude). After control plants were
removed from the analysis, predation treatment no
longer had a significant effect on aphid density (F =
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0.10; df = 1, 44; P = 0.75),, but the effect of host plant
remained highly significant as a consequence of
higher aphid densities on crested wheatgrass (F =
11.11; df = 1, 44; P < 0.01). The interaction between
host plant and predation treatments was again non-
significant (F = 0.26; df = 1, 44; P = 0.61), which
means that the increase in effectiveness on Indian
ricegrass was similar for the 2 predators. Lacewing
larvae eliminated aphids from 7 of 12 Indian rice-
grass plants and 3 of 12 crested wheatgrass plants.
Beetles caused aphid extinctions on 4 Indian rice-
grass plants and 2 crested wheatgrass plants.

The 1996 whole-plant experiment was compli-
cated by a large difference in the number of aphids
on control plants of the 2 hosts. At the time pred-
ators were added, mean *= SE aphid density was
already 34% higher on crested wheatgrass than on
Indian ricegrass (125.7 = 39.3 versus 82.9 * 23.8),
although this difference was not statistically signif-
icant (t = 0.22, df = 12, P = 0.83). By the end of the
experiment, the average control plant of crested
wheatgrass bore >1,000 aphids, whereas the average
control plant of Indian ricegrass bore <200 (Fig. 1).
For both hosts, final aphid densities were higher on
control plants in 1996 than in 1995 (Fig. 1). This
result was probably not caused by differences in
ambient temperatures, which were quite similar be-
tween years (Table 3). Instead, plants were likely to
have been of higher nutritional quality in 1996 be-
cause we conducted the experiment earlier in the
season, and the seasonal decline in plant quality is
much more pronounced for crested wheatgrass than
for Indian ricegrass (Messina et al. 1993b).

Both predators were highly effective on each host
in 1996, despite the relatively large sizes of aphid
aggregations when predators were introduced into
the cages. Aphid densities were reduced by >90% in
all 4 predator species-plant species combinations
(Fig. 1). Final aphid density depended on both plant
and predation treatments, but there was no plant X
predation interaction (Table 2). In contrast to the
1995 experiment, the effect of predation treatment
remained significant after control plants were re-
moved from the analysis (F = 6.98; df = 1, 36; P =
0.01), because aphid densities on both grasses were
lower if plants received lacewings instead of beetles
(Fig. 1). The effect of host plant was only marginally
significant after control plants were removed (F =
3.62; df = 1, 36; P = 0.07), and the plant X predation
interaction remained nonsignificant (F = 0.08; df =
1, 36; P = 0.77). Lacewings eliminated aphids from
3 of 10 crested wheatgrass plants and 4 of 10 Indian

Table 3. Mean + SE daily-maximum and daily peratures (°C) and total precipitation (mm) during three field experiments

Experiment (dates) Tomax Tonin Precipitation
1995—whole plants (26 July-17 Aug.) 319 0.7 11.6 = 0.6 15
1996—whole plants (14 June-8 July) 30.1 +0.8 114 0.7 2.3
1996—individual culms (10 May-5 June) 20.2 + 0.9 6.6 + 0.6 96.5
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Table 4. Mean = SE number of aphids on individual culms of

2 range grasses in the pr or ab of pred s

Treatment Crested wheatgrass  Indian ricegrass

Early harvest plants® 21,7+ 22 16.5 £ 2.3
Experimental plants®

Control 324+ 48 250 = 3.9
Lacewing larvae 16*12 1.6 = 1.0
Ladybird beetles 8.3+ 33 10.8 + 2.3

® Early harvest plants estimate aphid densities when predators
were added; N = 6 plants'per host.
b N = 12 plants per host.

ricegrass plants; beetles did not eliminate aphids
from any plant.

Aphids occurred in small aggregations on isolated
culms in 1996, in part because of cool temperatures
and an extraordinarily high amount of rain during
this field experiment (Table 3). Aphid density was
higher on crested wheatgrass than on Indian rice-
grass at the time predators were introduced, but not
significantly so (Table 4; ¢ = 1.57;df = 10, P = 0.15).
Predation treatment had a strong effect on final
aphid densities, but there was no effect of host plant
or any plant X predation interaction (Table 2).
Lacewing larvae again reduced mean aphid densi-
ties by >90% on both hosts, but beetles reduced
aphid populations by 74% on crested wheatgrass and
by 57% on Indian ricegrass (Table 4). As a conse-
quence, the effect of predation treatment remained
significant after control plants were removed (F =
30.75; df = 1, 43; P < 0.001), but the effects of host
plant and the plant X predation interaction were
again nonsignificant (P = 0.20). The probability of
aphid extinction strongly depended on predator
species; lacewing larvae eliminated aphids from 9 of
12 crested wheatgrass plants and 6 of 12 Indian
ricegrass plants, whereas beetles eliminated aphids
from only a single plant of each species.

Leaf Measurements. Greenhouse seedlings of 2
grasses did not differ in leaf length, but were strik-
ingly different in the maximum width of an unfurled
leaf and, more importantly, in the width of junction
between the leaf blade and its sheath (Table 5).
Sheath/blade junctions on Indian ricegrass leaves
were often only as wide as 2 aphid adults; those of
crested wheatgrass were both larger and more vari-
able. The coefficient of variation for junction width
was 22% for Indian ricegrass versus 40% for crested
wheatgrass. As expected, the diameter of the leaf
roll on field culms was considerably larger on
crested wheatgrass than on Indian ricegrass (Table
5). For each grass species, the range of values of
leaf-roll diameters on field culms was comparable to
range of widths of leaf-sheath/leaf blade junctions
on seedlings.

Discussion

We used a series of experiments to test whether
the impact of generalist predators on the Russian
wheat aphid depended on grass species and, in par-
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Table 5. Means £ SE and ranges (in parentheses) of leaf di-
mensions (in mm) on greenhouse and field plants of crested wheat-
grass and Indian ricegrass

Crested Indian . P
wheatgrass ricegrass
Greenhouse plants®
Leaf length 265+08 256+09 081 042
(17.1-40.1)  16.5-40.2)
Maximum leaf 45+ 01 1.3 +£0.03 2265 <0.001
width (32-56)  (0.7-1.6)
Width of sheath/ 2402 1.0*+0.1 720 <0.001
blade junction (0.9-3.8) (0.6-1.4)
Field plants®
Culm length 506 =15 449 *+29 1.86 0.08
(41.8-58.5) (36.0-62.0)
Leaf roll 20=*+03 0.8 +0.1 335 <0.01
diameter (0.9-3.9) (0.5-1.2)

“n = 27 plants per host.
bn = 10 plants for crested wheatgrass, 8 for Indian ricegrass.

ticular, whether predators would be more success-
ful in reducing aphid numbers on Indian ricegrass
than on crested wheatgrass. Our results provided
mixed support for these predictions. On greenhouse
seedlings, both predators were more effective in
reducing aphid density on Indian ricegrass than on
crested wheatgrass, but the magnitude of the host-
plant effect was greater for ladybird beetles than for
lacewing larvae (Table 1). Given wide variation in
the sizes and searching modes of predators and
parasitoids, we expect that plant effects on herbi-
vore susceptibility will commonly depend on this
sort of interaction between traits of the predator
and traits of the host plant. Grevstad and Klepetka
(1992) observed that the effects of plant architec-
ture on the susceptibility of cabbage aphids were
similar among 5 predator species, but all predators
in their study were adult coccinellids. The field
experiment in 1995 provided the strongest support
for increased aphid vulnerability on Indian rice-
grass. Final aphid densities were significantly lower
on this host (Fig. 1), and both predators eliminated
aphids more frequently on Indian ricegrass than on
crested wheatgrass. The effect of host plant was
weaker in a similar experiment in 1996 (particularly
if control plants are removed from the analysis; Fig.
1) and was negligible when predators were released
on individual culms (Tables 2 and 4).

Our experiments do not allow us to attribute dif-
ferences in aphid predation risk to differences in
grass architecture per se; a more direct test of the
effect of architecture would require the use of ar-
tificial models (Frazer and McGregor 1994, Geit-
zenauer and Bernays 1996) or plant lines that are
isogenic at all loci except those controlling archi-
tectural traits (Kareiva and Sahakian 1990). How-
ever, detailed observations of both aphid feeding
locations and predator foraging behavior support
the hypothesis that leaf architecture mediates dif-
ferences in aphid susceptibility on Indian ricegrass
and crested wheatgrass (unpublished data). On In-
dian ricegrass, Russian wheat aphids are less likely



December 1997

to occur within leaf rolls and are often completely
exposed on the outer, abaxial surface of tightly
rolled leaves. Continuous observations of individual
predators have shown that generalist predators con-
sistently contact and capture aphids at a higher
frequency on Indian ricegrass than on crested
wheatgrass. Thus, both short-term estimates of pre-
dation rates in the laboratory and population-level
experiments in the field suggest that spatial refuges
in the form of leaf rolls are more common on crested
wheatgrass than on Indian ricegrass. It would be
useful to obtain parallel data for susceptible and
resistant varieties of cereals.

Although final aphid densities suggested that
predators were sometimes more effective on
crested wheatgrass than on Indian ricegrass, the
probability of aphid extinction depended more on
predator species than on plant species. Lacewing
larvae were more effective than beetles in reducing
aphid densities in 3 of the 4 experiments, but their
greater effectiveness was even more apparent with
regard to the probability of aphid extinction. Across
the 4 experiments, aphid colonies were extinguished
on 48% of plants receiving lacewings versus only
11% of those receiving beetles. The ability of a
natural enemy to drive its prey to extinction may be
an especially important predictor of successful bi-
ological control (cf., Hawkins et al. 1993, Myers et
al. 1994). It is tempting to suggest that the smaller
lacewing larvae were better able to exploit aphids
within leaf rolls (Kauffman and LaRoche 1994), but
we cannot exclude the possibility that differences in
predator effectiveness depended on their relative
densities. Because per capita consumption rates of
lacewing larvae were judged to be lower than those
of adult beetles, we added 2-3 times more lacewings
than beetles per cage. The strongest evidence for
the greater efficacy of lacewing larvae was obtained
from the experiment using isolated culms (Table 4),
in which the ratio of lacewings to beetles per cage
was only 2:1 and both predators searched over rel-
atively little plant material. Aphids in this experi-
ment were eliminated from 63% of cages receiving
lacewings versus only 8% of those receiving beetles.
The consistent effectiveness of lacewing larvae on
range grasses (Messina et al. 1995) suggests that this
predator may be suitable for inundative or augmen-
tative releases in cereals despite the tendency of D.
noxia to feed in rolled leaves.
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